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) fec t  A  (  he l iun ,  vacancy  )  f rou  a
r1 led  w i th  n  he l iuur  aEoms
A (  he l iun  a tom or  vacancy)  in  a
l led  w i th  n  he l ium acoms
n  a t o n  i n  a  d i s l o c a t i o n  c o r e  f i l l e d
n  a t o h r  i n  t h e  c o r e  o f  a  d i s l o c a t i o n
atoms present  in  the  core  a t  some
on cons idered.
SUI4MARY
The computer  s imua l t ion  techn ique is  app l ied  to  inves t iga te  the
p r o p e r t i e s  o f  p o i n t  d e f e c t s  a n d  l i n e  d e f e c t s  i n  m e t a l s .  F o r  t h a t  p u r p o s e
c r y s t a l l i t e s  a r e  c o n s t r u c t e d  i n  w h i c h  t h e s e  d e f e c t s  a r e  s i m u l a t e d .  I n  t h e
c a s e  o f  l i n e  d e f e c t s  ( d i s l o c a t i o n s )  t h e  i n i t i a l  p o s i t i o n s  o f  t h e  a t o u s ,
sur round ing  the  d is loca t ions  ,  a re  de termined us ing  the  e las t i c  Èheory  o f
a n i s o t r o p i c  m e d i a  ( c h a p È e r  2 ) .  H e r e a f t e r  t h e  a t o m s  i n  s u c h  c r y s t a l l i t e s
are  a l lowed to  re lax  Ëo the i r  m in imum poten t ia l  energy  pos i t ions  under
the  in f luence o f  the  in te ra tomic  fo rces .  These fo rces  are  der ived  f rom
i n Ë e r a t o m i c  l n t e r a c t i o n  p o t e n t i a l s .  T h e s e  p o t e n t i a l s  a r e  t o g e t h e r  w i Ë h
t h e  b o u n d a r y  c o n d i t i o n s  o f  t h e  s i m u l a t e d  c r y s t a l l i t e  t h e  m a i n  i n p u t  d a t a
in  these computer  s imu la t ion  mode ls .
I n  c h a p t e r  3  e x t e n s i v e  a t t e n t i o n  i s  p a i d  t o  t h e  i n t e r a c t i o n s  b e t w e e n
the  a toms in  a  c rys ta l  la t t i ce .  Ma in  in fo tmat ion  on  the  in te ra tomic
f o r c e s  a n d  t h e  d e r i v a t i v e s  o f  t h e s e  f o r c e s  c a n  b e  o b t a i n e d  f r o m  t h e
e x p e r i m e n t a l  p h o n o n  d i s p e r s i o n  c u r v e s  a n d  e l a s t i c  c o n s t a n t s .  T h e  l a t t e r
p h y s i c a l  d a t a ,  w h i c h  h a v e  b e e n  u s e d  b y  v a r i o u s  a u t h o r s  i n  p o t e n t i a l s
p r o p o s e d ,  g i v e  a  m o r e  l i m i t e d  i n s i g h t  t h a n  t h e  f o r m e r .  I n  t h i s  c h a p t e r
t h e r e f o r e ,  p o t e n t i a l s  a r e  p r e s e n t e d  w h i c h  h a v e  b e e n  f i t t e d  t o  t h e
exper imenta l  phonon d ispers ion  curves  and the  fo rmat ion  energy  o f  a
v a c a n c y .  S u c h  p o t e n t i a l s ,  h o w e v e r ,  a r e  n o t  u n i q u e .  A d d i t i o n a l  i n f o r m a t i o n
o n  c e r t a i n  i n t e r v a l  o f  t h e  p o t e n t i a l s  i s  n e c e s s a r y .  I n  t h i s  c h a p t e r  a l s o
a  m e t h o d  i s  p r e s e n t e d  t o  i n c l u d e  t h e  m i g r a t i o n
o n  c e r t a i n  i n t e r v a l s  o f  t h e  p o t e n t i a l s  i s  n e c e s s a r y .  F o r  t h a t  p u r P o s e
in  th is  chapter  a  method is  p resented  to  inc lude the  rn ig ra t ion  energy  as
a n  a d d i t i o n a l  f i t t i n g  c o n s t a n t .  U s i n g  s u c h  p o È e n t i a l s  f o r  b c c  m e t a l s
(  C r ,  l 4 o ,  F e ,  I , r l ,  T a  )  a n d  f c c  m e t a l s  (  P d '  N i ,  C u ,  A g ,  A u  )  s o m e
p r o p e r t i e s  o f  p o i n t  d e f e c t s  a r e  c a l c u l a t e d ,
For  mo lybdenum and copper  the  a tomic  conf igura t ions  o f  edge and
s c r e w  d i s l o c a t i o n s  a r e  i n v e s t i g a t e d  (  c h a p t e r  4  ) .  T h e  r e s u l t s ,  o b t a i n e d
i n  t h e  c o m p u t e r  s i m u l a t i o n  m o d e l  (  a t o m i s t i c  m o d e l  ) ,  a r e  c o m p a r e d  w i t h
t h o s e  o b t a i n e d  u s i n g  t h e  e l a s t i c  t h e o r y  o f  a n i s o t r o p i c  m e d i a .  A l s o  E h e
i n f l u e n c e  o f  t h e  p o t e n t i a l s  u s e d  i s  s t u d i e d .  S p e c i a l  a t t e n t i o n  i s  p a i d
t o  t h e  d i s s o c i a t i o n  o f  b o t h  t h e  e d g e  a n d  s c r e w  d i s l o c a t i o n s  i n t o  p a r t i a l
r3 l
d is loca t ions .  Th is  phenomenon has  been observed in  our  ca lcu la t ions  fo r
c o P P e r .
rn  chapter  5  the  in te rac t ion  be tween he l ium a toms and bo th  po in t
d e f e c t s  a n d  d i s l o c a t i o n s  i s  i n v e s t i g a t e d .  F o r  t h a t  p u r p o s e ,  i n t e r a c t i o n
poten t ia ls  a re  der ived  descr ib ing  the  in te rac t ion  be tween two he l ium
atoms and po ten t ia ls  descr ib ing  the  in te rac t ion  be tween a  he l ium a tom
a n d  a  m e t a l  a t o m .  T h e s e  p o t e n t i a l s  a r e  f i t t e d  t o  t h e  a c t i v a t i o n  e n e r g i e s
o f  h e l i u m  d e s o r p t i o n  f r o m  v a c a n c i e s  f i l l e d  w i t h  h e l i u m  a t o m s  a s
exper imenta l l y  measured in  he l ium desorp t ion  exper iments .  us ing  these
p o t e n t i a l s  t h e  i n t e r a c t i o n  o f  h e l i u m  a t o m s  w i t h  v a c a n c i e s  a n d  w i t h
edge and screw d is loca t ions  in  mo lybdenum is  s tud ied .  For  compar ison
t h e  c a l c u l a t i o n s  h a v e  b e e n  r e p e a t e d  u s i n g  p o t e n t i a l s  q u o t e d  i n  t h e
l i t e r a t u r e .  T h e  r e s u l t s  o f  t h e  a t o m i s t i c  c a l c u l a t i o n s  a r e  c o m p a r e d  w i t h
t h e  r e s u l t s  o b t a i n e d  u s i n g  t h e  e l a s t i c  t h e o r y .
SA},IENVATTING
De computers imu la t ie techn
punt -  en  l i j n fou ten  te  onderz
s i m u l e e r d  w a a r i n  d e z e  f o u t e n '
fou ten  (d is loca t ies )  worden d ,
d e z e  d i s l o c a t i e s  b e p a a l d  m e t  I
an iso t rope med ia  (hoofds tuk  2
worden vervo lgens  losge la ten
waarvoor  hun po ten t iË le  energ
v inden p laa ts  onder  inv loed v i
le id  u i t  in te ra tomai re  in te rar
samen met  de  randvoorwaarden.
be langr i j ks te  invoergegevens :
In  hoofds tuk  3  word t  u i tv r
w isse lwerk ing  van a tomen in  e r
de  in te ra tomai re  k rach ten  en  r
a fge le id  u i t  exper imentee l  ger
e l a s t i c i t e i t s c o n s t a n t e n .  L a a t l
d iverse  au teurs  in  hun po ten t j
beperk te r  inz ich t  dan eers tger
o o k  p o t e n t i a l e n  v o o r g e s t e l d ,  <
krommen en aan de vormingsener
p o t e n t i a l e n  z i j n  e c h t e r  n i e t  t
i n t e r v a l l e n  v a n  d e  p o t e n t i a l e r
o m  d e  p o t e n t i a l e n  a a n  t e  p a s s (
zoa ls  d ie  exper imentee l  word t
d i e  v o b r  z o v t e l  k . r . g  m e t a l e n  (
(  N i ,  P d ,  C u ,  A g ,  A u  )  z i j n  o p
punt fou ten  (  vacatures  en  in te
Voor  de  meta len  molybdeen
rand-  en  schroefd is loca t ies  o r
computers imu laÈ iemodet  (  a tomi
r e s u l t a t e n  v e r k r e g e n  m e t  d e  e l
Ook de  inv loed van de  gebru ik t
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